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A preliminary study on the affinities of Philippine,
Bornean and New Guinean hepatics
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Abstract. The generic and specific affinities of the Philippine, Bornean and New
Guinean hepatic floras were analyzed by calculating the Kroeber's percentage of
similarity on the basis of recently published checklists. It isobserved that the overall
affinitiesparallel that exhibited by |ocal mossflorasexcept for oneimportant difference.
For thethree areas, the number and distribution of speciesof large, actively evolving
hepatic generaare noted to be disparate and with few shared taxa. Contrastingly, the
largeand actively evolving mossgeneraproduce consi stently largenumber of species
inall threeareaswith an equally large number of shared taxa. The strong dependence
of many hepatic taxa on asexual reproduction and the poor spore dispersability are
accepted asthe best explanation to this phenomenon.

M ossesand hepaticshavefundamentally
smilarlifehistories, lifeforms(Mé&gdefrau,
1982), andlifestrategies(During, 1977).
They also share basic ecological

preferences(Pocs, 1982; Richards, 1984).
Yet, their overall phytogeographic
distribution patterns can be different in
some regions. Thiswas observed earlier
by Buck and Thiers(1989) who reported
that themossesof thetepui sof theGuayana
Highland are disappointingly low in
diversity (except for Sohagnum), and yet
the hepaticfloraof that areaisdistinctive
and relatively rich in taxa considered
primitive. A smilarincongruity isreported
bel ow for thedistri buti on patternsof mosses
versus hepatics within Malaysia, a vast
regionembracingthePhilippines, Borneo
and New Guinea (Fig. 1).

ThePhilippinemossflora, analyzedforits

phytogeographical affinity (Tan, 1984),is
relatively closer totheBorneanflorathan
to the New Guinean flora both at the
generic and species levels. The same
author stated that because of its
geographical location and geological
history, thePhilippineshasreceived seve-
ral continental Asiaticelementsaswell as
anumber of Australasian taxa which do
not reach New Guinea or Borneo.
Admittedly, these are minority elements
inthePhilippineflorawhich, onthewhole,
shareagreat majority of taxawith Borneo,
and to alesser extent, with New Guinea.

The checklists published recently for the
hepatic floras of Western Melanesia
(Grolleand Piippo, 1984a), the Philippines
(Tan and Engel, 1986), and Borneo
(Menzdl, 1988) permitasimilar preliminary
analysis of the phytogeographical
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Fig. 1. Number of genara (the denominator) and species (the numerator) in Philippine (= P),
Bornean (= B) and New Guinean(= NG) hepatic floras.

with the more recent publications of Gradstein
and Viéna (1987), Puppo (1985a-c, 1988a-b,

1989), Inoue (1989), Hattor1 and Puppo (1986)
and Grolle and Puippo (1984b, 1986).

Table 1 shows the affinities of the Philippine,
Bornean and New Guinean hepatic floras ex-
pressed in Kroeber,s percentage of generic and
specific similarity. Although at the species level
the Philippine-Bornean floras have a much
higher percentage of affinity than the Philippi-
ne-New Guinean floras, the percentage of generic
similarity is not decisively in favor of a closer
Philippine-Bornean floristic relationship.

A detailled comparison was made to analyze
the patterns of distribution of genera and spe-
cies among these three areas. The results are
presented in Tables 2-3, and highlights are
discussed below.

Like its moss counterpart, the Philippine hepa-
tic flora shows principally a Laurasian ongin. It

has many taxa that: (1) belong to wadespread,
nontropical, northern hemisphere groups (e.g.,
Jungermannia hyalina Lyell, Lepidozia reptans
[L.] Dum., Trnitomaria exsecta [Schard.] Loeske,
and Marsupella emarginata |[Ehrh.] Dum.); (2)
have primarily a Himalayan-East Asiatic range
(e.g., Kurzia makinoana [Steph.] Grolle, Th-
chocolea lonkinensis Steph., Bazzania sikkimen-
sis [Steph.] Herz., Metacalypogeia cordifolia
[Steph.] Inoue, and Plagiochasma spp.); and
(3) belong to hyper-oceanic, North Padfic coastal
groups (e.g., Makinoa crispata [Steph.] Miyake,
Isotachis japonica Steph., and Bazzania japoni-
ca |Sande Lac.] Lindb. Often these taxa fail to
colonize New Guinea and/or Borneo, which lie
farther to the south. Indeed, very few, like
Makinoa crispata, reach New Guinea.

Borneo, on the other hand, has an msignificant
number of tropical, lowland, Laurasian taxa
which range widely from Sri Lanka, Indochina,
Malaya, Sumatra, Java and Borneo, but do not
reach the Philippines. Good examples are
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Table 1. Generic and species affinities of the Philippine, Bornean and New Guinean hepatic
floras (see text for information sources).

Philippines Borneo New Guilinea
Genera 102 119 120
Species 520 636 1217
Genera shared
with Philippines 92 89
Kroeber’s I of generic
Similarity 83.752 80.712
Species shared
with Philippines 283 2452
Kroeber's I of specific
Similarity £9.462 39.912

Kroeber’s I of Similarity = C (a+b)/2ab x 100

where = common taxa between areas 1 & 2 under comparison
= total number of taxa in area 1

= total number of taxa in area 2

o' 0

Table 2. Hepatic genera with restricted range within the three areas.

Philippines Only Borneo Only New Guinea Only
Metacalypogeia Adelanthus Anthelia
Notothylas Aphanotropis Apotreubia
Plagiochasma Eopleurozia Calathole jeunea
Stenorrhipis Cylindrocolea
*Steeres Hygrolembidium
Rectole jeunea Marsupidium
Takakia Siphonole jeunea

Pseudocephalozia
Wiesnerella

Zoopsidella

* endemic taxon
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Table 3. Number of species of sclected hepatic genera of Philippines, Borneo and New Guinea
(see text for information sources).

Philippine Bornean New Guinean Common
Genus Species Species Species Species
Acromastigium 4 16 10(9)* 3
Anastrophyllum 2 11 9(10) 2
Bazzania 32 44 53 11
Cheilole jeunea 12 21 14 6
Colole jeunea 48 48 24 8

Drepanole jeunea 14 19 6 6
Frullania 40 & & 82 16
Herbertus 15 1 5 1
Lepidozia 18 22 20 6
Marchantia 13 4 10 2
Marsupella 2 5 - 1
Metzgeria 21 8 16(14) 2
Plagiochila 40 41 65(50) 11
Porella 6 1 4 1
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Riccardis 6 10 29 0
Schistochila g G 18 5

= =
g

(including Paraschistochila)

Telaranea 7 S S 2
Trichocolea 8 3 5 1

( )* number of species estimated by S. Piippo (pers. comm. 1989)




[SandeLac.] Lindb. Often thesetaxafail
to colonize New Guinea and/or Borneo,
whichliefarther tothesouth. Indeed, very
few, like Makinoa crispata, reach New
Guinea.

Borneo, on the other hand, has an
insignificant number of tropical, lowland,
Laurasian taxawhich range widely from
Sri Lanka, Indochina, Malaya, Sumatra,
Java and Borneo, but do not reach the
Philippines. Good examples are
Lopholejeunea ceylanica Steph. and
Schiffneriolejeunea pulopenangensis
(Gott.) Gradst. Some of these may reach
asfar asNew Guineavia Sulawes or the
Lesser Sundalsland group.

Nonetheless, the proximity of the
Philippine Islands to Borneo since the
mid-Tertiary, and the presence of land
bridgesbetweenthemduring Plei stocene
glaciationhaveapparently allowed several
taxa to migrate between the two places.
Asfar asweknow therehavenever existed
continuous land routes at any geologic
time for plants from Borneo or the
Philippines to have used in reaching the
New Guinean mountains. Good examples
of elementsshared by the Philippinesand
Borneo, but not with New Guinea, are
Metzgeria borneensis Kuwah., Kurzia
borneensis Mizut., Dactylophorella mu-
ricata(Gott.) Schust., Frullaniapulogensis
Steph., Legjeuneaeifrigii Mizut., Bazzania
indica (Gott. & Lindenb.) Trev. and
Apomeztgeria pubescens (Schrank)
Kuwah. var. kinabaluensis Kuwah.

In comparison, fewer taxa are shared by
the Philippines and New Guinea.
Noteworthy examples are
Triandophyllum, Treubia and Symphyo-
gynopsis. Thelast genusisprobably pre-
sent in Borneo judging by thetotal range
reportedforitinGrolleand Piippo (1986).
Speciesbelonging to this category are of
Gondwandic origin or have a narrow
Audtralasianrange. InthePhilippines, they
areknownmostly fromMindanao I sland.
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A few of these may have reached the
northeastern Sabah State of Borneo via
the southern Philippine pathway (cf. van
Steenis, 1964).

One intriguing Hepatic is Tylimanthus
saccatus (Hook.) Mitt. ex Schiffn. This
species, according to Piippo (1985a),
ranges from Australiaand New Zealand
toWestIrian, New Guinea. Kitagawaand
Kodama (1974) reported it from Mt.
Kinabalu of Borneo. Tylimanthussaccatus
is currently not known from the
Philippines, butitsabsenceislikely acase
of under collecting. Similarly, 'non-
occurrence' of thewidespread Cyathodium
in Bornean rainforests and the lack of a
record for the weedy Notothylas in the
New Guineanfloraareprobably theresult
of human oversight.

There are at present a handful of taxa
known only from Borneo and New
Guinea. Examples are members of
Acrobolbus, Andrewsianthus,
Metahygrobiella, Cryptochila,
Pseudol epicol ea, Southbya, Aneura, and
Gymnomitrion. Thefirst five generaare
thought to be austral taxa that have
successfully crossed Wallace's Line
(Schuster, 1983; cf. Fig. 1). They may be
presentinthesouthern Philippinesat upper
elevations.

Thelast three genera, together with Ana-
strophyllum minutum (Schreb.) Schust.
and A. assimile(Mitt.) Steph., aretaxathat
prefer alpine habitats well above 3000 m
within the tropics. Outside the tropics,
they are rather common in high latitude
regions. Theabsenceof Philippinerecords
for these taxa may be real owing to the
absence of apine habitats, the highest
mountain in the Philippines (Mt. Apo)
reaches only 2924 m.

Borneo and New Guinea each harbor a
large cluster of narrowly restricted and
endemicgenera. Thesearelistedin Table
2. The situation islikely due to the long
isolation, and ol der geol ogic age of these
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Table 4. Number of species of selected moss genera in  Phulippines, Borneo and New Guinea.

Philippine Bornean New Guinean common Information
Genus species species speclies species specles *
Acroporium 14 16 15 12 3, 8, 14
Calymperes 13 14 15 11 3, 4, 6, 7, 8, 14
Chaetomitrium 14 17 287 11 3, 8, 12, 14
Thi= o _— 1 s3rm 1 n 1 5 17 1 .
..—_._E_lu_;.u_.::]}.'l;l._d..- _.."Ei' E\J = - 3, E, _'.2, l‘fﬁ
Dicranoloma 7 9 11 6 3, 8. 9. 11. 14
Ectropothecium 15 24 0? 12 3, 8, 14

Fissidens 30 28 26 22 1, 2, 8, 10, 14

Garovaglia 5 8 14 4 2

Hypnodendron 8 8 10 6 13

Syrrhopodon 16 18 18 14 3, 6, 7, 8, 14
* Misa, M. F. F., 1988

During, H. J., 1977
Iwatsuki, Z. & B. C. Tan, 1979
Mohamed, H. & W. D. Reese, 1985
Norris, D. & T. Koponen, 1987
Reese, W. D., T. Koponen & D. Norris, 1986
Reese, W. D. & H. Mohamed, 1985
Sschultze-Motel, W., 1963
Tan, B. C., 1989
Tan, B. C. & Z. Iwatzuki, 1989
ian, B. C. & T. Koponen, 1983
Tan, B. C. & H. Robinson, in press
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twoislands.

Onemay state, asageneral summary, that
widespread Asiatic or Laurasian genera
(cf. Gradsteinand V éna, 1987) havemore
species in common between the
Philippinesand Borneo than between the
Philippinesand New Guinea. Theopposite
appearsto betruefor speciesbelongingto
genera of austral origin (cf. Schuster,
1983).

However, the parallel patterns between
the distributions of Malesian mosses and
hepatics described above ends here. One
noteworthy feature, not seen in mMoss
distribution patterns, emerges when one
considers the number of hepatic species
evolved in each of the three places and
their taxonomicaffinity.

Significantly, several large, ‘modern’
genera such as Acromastigum,
Anastrophyllum, Plagiochila, Frullania,
Bazzania, Colura, Herbertus, Radula,
Cololgjeunea, Porella, and Marchantia
haveconspicuously disparate numbersof
speciesdistributed inthethree areas (see
Table 3). Genera such as Frullania,
Plagiochilaand Bazzaniaarerepresented
in New Guinea by a large number of
species. Y et the same generaconsist of a
much lower number of species in the
Philippinesor Borneo (seeTable3). Con-
versely, genera like Herbertus,
Cololgeunea, Metzgeriaand Marchantia,
which haveahigh speciesdiversity inthe
Philippines, havespeciated poorly inNew
Guinea and/or Borneo. More strikingly,
many of these generahave alow number
of species in common among the three
areas(see Table 3). Thus, thedifferences
inthe speciesnumber of each areaarethe
result of thenumber of endemicsplustaxa
shared by any two (not three) study areas.
Distributional patterns for mosses are
different. Thespeciesdistribution within
large and actively evolving moss genera
in the Philippines, Borneo and New
Guineais presented in Table 4. Genera
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such as Acroporium, Calymperes, Chae-
tomitrium, Distichophyllum,
Ectropothecium, Fissidens and
Syrrhopodon consistently have large
numbers of speciesin all three areas. In
additiontoitsown endemic species, each
of the three areas also shares a large
assembly of common taxa.

This peculiar *hepatic phenomenon’ of
having disparate distribution of species
numbers and diversity across adjacent
areaswithin the same phytogeographical
unit, i.e., Malesia, is difficult to explain
satisfactorily in terms of differences in
local precipitation, habitat diversity and
geological history. Undoubtedly, broad
versusnarrow species conceptsprovided
by the authors of monographs and floras
for the genera under consideration have
had an effect on thishepatic phenomenon.
Thisalong could not explain the marked
reduction of the number of species, in
some cases nearly half the number,
between neighboring area.

Under-collection on some islands
may be another explanation. However,
based on the numbersof past expeditions
and new collections made from Malesia,
all threeplacescan besafely described as
equally under collected (Touw, 1982;
Prance and Campbell, 1988).

Thebest explanationseemstoliein
the reproductive biology and spore
dispersability of hepatics. Schuster (1983)
has asserted that, in general, hepatics
depend more than mosses on asexual
diaspores for the maintainance and
expansion of populations. Thismay have
resultedintheproliferationof many clonal
populations. Theseasexually maintained
populations, often exhibiting some
morphological variations interpreted as
individual species, caninflateunduly the
number of speciesin one area.

On the other hand, the relatively
poor dispersability of hepatic sporesmay
severely reduce the free flow of genesin
anareaandfix thespeciesat alow number.
Recently, Gradstein and Véana (1987)
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demonstrated a positive correlation
betweenawidely digunctiverangepattern
andlow viability of sporesinsomehepatic
Species.

Future field studies can help to
resolve this mystery by looking into the
percentage of hepatic species in the
Philippines, Borneo and New Guineathat
employ principally asexual means of
reproduction. Thesefindingsshouldthen
be correlated with the ranges of species
and their individual taxonomic
distinctiveness.
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